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A ttention deficit hyperactivity disorder (ADHD) patients show, as one of the main symptoms, an 
attentional impairment. Selective attention in the hearing process is the ability to understand speech 
in a noisy environment, which can be evaluated by several methods. One of the main approaches 
is the functioning of the Medial Olivocochlear Efferent System, which can be accessed by Transient-
Evoked Otoacoustic Emissions (TOAE).
Objective: This study aimed at evaluating the suppression effect of contralateral noise on TOAE in 
ADHD (study group) and normal subjects (control group). Study Design: Case-control study.
Material and Methods: A study with 20 children distributed in two, age- and gender-matched 
groups. Results: No differences were found in TOAE responses between the two groups, with and 
without noise.
Conclusions: We conclude that there were no functional differences in the Medial Olivocochlear 
Efferent System in the two groups analyzed.
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INTRODUCTION
The Attention Deficit/Hyperactivity Disorder 
(ADHD) is described by the American Psychiatric Asso-
ciation - APA1 as “a persistent pattern of attention deficit 
and/or hyperactivity, more frequent than what is usually 
seen in the equivalent level of development”. According to 
the APA, attention deficit and hyperactivity/impulsiveness 
symptoms manifest in different degrees and, in order to 
be classified as ADHD, they must manifest before 7 years 
of age; besides impacting in social development and func-
tioning, academic and occupational lives of individuals, 
the losses must be present in at least two contexts such 
as, for example, at home and at school. Still, according 
to the APA, the ADHD is more frequent in males and 
its prevalence is estimated to be between 3% and 5% in 
school aged-children.
Children with ADHD have attention deficit as one 
of their main symptoms. Attention plays a role in the se-
lection of some stimuli, providing the better processing of 
them. As far as hearing is concerned, selective attention is 
the ability to understand speech in noisy environments, 
and it can be assessed in different ways – one of them is 
the workings of the Medial Olivocochlear System Efferent.
The Medial Olivocochlear System Efferent has been 
studied especially because of its role in selective attention. 
This system can be assessed by the Otoacoustic Emissions 
Test, which involves low intensity sounds captured in the 
external acoustic meatus, associated with the mobility and 
mechanical ability of the external hair cells, apparently 
managed by the efferent pathways of the olivocochlear 
system. Otoacoustic emissions may be evoked by transient 
stimuli (click) which, because of having a broad array of 
frequencies, stimulates the entire cochlea (TEOAE).
Contralateral noise affects the transient evoked 
otoacoustic emissions (TEOAE) and it activates the effe-
rent paths of the olivocochlear emissions, impacting the 
cochlear process responsible for the generation of the 
TEOAE, which represents suppression. This suppression 
effect was noticed by numerous authors such as the re-
duction in the response level of spontaneous and evoked 
otoacoustic emissions with the use of contralateral acoustic 
stimulation2,3.
Ryan et al.3 reported that contralateral acoustic sti-
mulation reduces TEOAE amplitude. This phenomenon 
may be mediated by the medial olivocochlear efferent 
system and, thus, its presence may be used to assess the 
integrity of the neural communication from one cochlea 
to another.
Some functions of the medial olivocochlear efferent 
system involve its role in the efficiency of signal capture 
in the presence of simultaneous noise, in the protection 
against lesions caused by high noise, in the control of 
the cochlear mechanical status and in auditory attention4.
Pillsbury et al.5 suggested that a reduction in audi-
tory processing test performance involving the binaural 
process assessment may be a sensitive indicator of an 
“attention disorder” in patients with ADHD. The authors 
state that children with ADHD have a bad performance 
in the presence of the signal, because of a failure at this 
stage in the auditory processing.
Since there is a possibility of the medial olivococh-
lear efferent system be related to the ability of selective 
attention there was an interest in studying the function of 
such system in children diagnosed with ADHD. Moreover, 
there is a scarcity of papers associating this suppression 
effect in ADHD patients.
The present study aimed at comparing, by means of 
TEOAE, the suppression effect of the medial olivocochlear 
efferent system by contralateral auditory stimulation in 
normal children and in those with ADHD.
MATERIALS AND METHODS
We recruited 30 children, of whom 20 participated 
in the study. They were divided in two groups, one made 
up of 10 children with ADHD and another made up of 10 
children without ADHD (Control). The study was of the 
case-control type. The two groups were paired by gender 
and age. Each group was made up by three female and 
seven male children. The mean age of the children in the 
group was 9.8 years (Standard Deviation (SD) = 1.8 years) 
and that of the control group was 9.7 years (SD = 1.9 years). 
The study was carried out in the university clinic, after its ap-
proval by the Ethics in Research Committee of the Institution 
(Protocol # 0398/03) and the Informed Consent Form was 
signed by the guardians of the children from both groups.
As main complaints, the participants had difficulties 
in paying attention and, after having been diagnosed by a 
pediatric neurologist as having ADHD using the diagnostic 
criteria of DSM IV, they were referred for assessment by 
TEOAE. The group inclusion criteria were: otoscopy, immit-
tance, normal bilateral tonal audiometry and the presence of 
TEOAE. The inclusion criteria for the ADHD group were the 
same inclusion criteria used for the Control group; however, 
its participants had a diagnosis of ADHD without the use 
of medication to treat the disorder. Exclusion criteria for 
both groups were: changes found in otoscopy, immittance 
measures, tonal audiometry and no TEOAE.
TEOAE measures were carried out using the ILO 
96 cochlear emissions analyzer, from OTODYNAMICS, 
version 5.60, with the help of a probe fit to the external 
acoustic meatus of the subject, in an acoustic booth with 
sound insulation. We used a non-linear click stimulus in 
dBSPL, with regular 80 µs pulses, of rarefaction polarity, 
at a frequency of 50 Hertz (Hz). The stimulus intensity 
was 75 to 83 dBSPL, in sync with the procedures used by 
other authors6,7. For the contralateral acoustic stimulation, 
we used the continuous white noise transmitted by means 
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of a MAICO 17, ANSI-69 standard audiometer, through a 
TDH-39 phone at 50 dBSPL. The phone was coupled to 
the ear contralateral to the otoacoustic emissions prior to 
beginning the measuring, thus avoiding manipulating the 
probe between the different phases of assessment.
The response acceptance criteria were chosen ac-
cording to the criteria adopted in the current literature, 
and were 70% higher in percentage of reproducibility 
values6,8 and test tone probe setting stability higher than 
70%9, representing a comparison of the level of stimulation 
recorded in the external acoustic meatus from test onset 
all the way to its conclusion. The number of stimuli utili-
zed during TEOAE recording did not vary (260 series of 
four clicks), following the order of recording TEOAE in 
the right ear without and with a contralateral white noise; 
and with and without a contralateral noise for the left ear.
We used TEOAE, in the absence and presence of 
contralateral white noise, in both ears of all individuals in 
the sample. The responses were considered present when 
the signal/noise ratio was higher than 3 dB in the frequen-
cies of 1000 Hz, 1500 Hz, 2000 Hz, 3000 Hz and 4000 Hz. 
In order to observe the suppression effect, we recorded 
the TEOAE with and without noise and we assessed the 
occurrence of changes in the TEOAE response level. We 
considered the presence of the suppression effect when 
there was a reduction greater than or equal to 1 dB from 
the response level with contralateral white noise.
For statistical purposes, we used the Wilcoxon, 
Mann Whitney Y and Equality of Two Proportions tests, 
adopting a significance level of 0.05%.
RESULTS
In order to better understand the results obtained, 
their descriptions were organized in two parts, first che-
cking the ear effect and, following, the group effect and 
stimulation settings.
Comparing the Transient Evoked Otoacoustic Emissions 
in the Study and Control groups in relation to the Ear 
variable
The result shows the comparison between the Right 
(RE) and Left (LE) ears for the study (Table 1) and control 
(Table 2) groups in relation to amplitude and TEOAE diffe-
rences with and without noise. There were no statistically 
significant differences between the groups.
Since we found no statistically significant difference 
between the ears in relation to the variables, the analysis 
started to be done together for both ears.
Comparing the Transient Evoked Otoacoustic Emissions 
between the Study and Control groups
At this stage, we tried to see whether there was any 
difference in TEOAE responses without and with noise 
between the children of the control and those of the study 
Table 1. TEOAE response amplitude (in dBSPL) without and 
with contralateral noise and differences obtained without and 
with noise in the study group.
Study Group Mean SD N p
Without 
Noise
RE 12.05 3.73 10
0.742
LE 11.50 3.62 10
With 
Noise
RE 10.62 3.98 10
0.986
LE 10.59 3.44 10
Difference
RE 1.43 1.23 10
0.388
LE 0.91 1.39 10
Table 2. TEOAE response amplitude (in dBSPL) without and 
with contralateral noise and differences obtained without and 
with noise, in the Control group.
Control Group Mean SD N p
W/out 
Noise
RE 10.85 2.64 10
0.701
LE 10.30 3.60 10
With Noise
RE 9.30 3.03 10
0.685
LE 8.74 3.04 10
Difference
RE 1.55 1.05 10
0.983
LE 1.56 1.06 10
group. There were no statistically significant differences 
between the groups. The results from this analysis are 
depicted on Table 3.
Table 3. TEOAE amplitudes without and with noise in relation 
to the Group variable.
Groups Situation Mean SD N p
Study w/out noise 11.78 3.59 20
0.264
Control w/out noise 10.58 3.08 20
Study With noise 10.61 3.62 20
0.138
Control With noise 9.02 2.97 20
Following that, we tried to see if TEOAE differences 
without and with noise were different between the Study 
and Control groups. There were statistically significant 
differences between the groups. The results from this 
analysis are depicted on Table 4.
We tried to investigate the quantification of 
the suppression effect for the right ear, left ear, and 
for both ears, from the study and control groups. There 
was no statistically significant difference between the 
groups. The results from these analyses are presented on 
Table 5.
DISCUSSION
The present study included ten children with ADHD 
- seven (70%) were boys, pointing to a greater prevalence 
of this disorder among males1,10,11,12.
78(3)-ing.indb   29 25/05/2012   11:38:20
30
Brazilian Journal of otorhinolaryngology 78 (3) May/June 2012
http://www.bjorl.org  /  e-mail: revista@aborlccf.org.br
Table 5. Suppression effect (in DB) in the Study and Control groups for the Right Ear (RE), Left Ear (LE) and both ears (RE+LE).
Groups
RE LE RE + LE
< 1dB 1 a 1.5dB > 1.5dB < 1dB 1 a 1.5dB > 1.5dB < 1dB 1 a 1.5dB > 1.5dB
Study n=2 n=1 n=7 n=4 n=1 n=5 n=6 n=2 n=12
Control n=1 n=3 n=6 n=2 n=1 n=7 n=3 n=4 n=13
p 0.531 0.264 0.639 0.329 1.000 0.631 0.256 0.376 0.744
We may also question whether auditory attention 
complaints in ADHD patients are associated with the exis-
tence of comorbid disorders, such as, for example, Central 
Auditory Processing Disorder, having that in many patients 
with ADHD this comorbidity was present22,23.
Current literature shows a straight relationship of 
the superior olivary complex with the ability of sound 
location in space24. Based on this fact and on the data 
found in our study, we suggest the investigation of the 
olivocochlear efferent system by means of other measu-
res, such as those of behavioral nature, in order to check 
for occasional difficulties in the auditory perception of 
patients with ADHD.
We did the present study starting from the principle 
that one of the ways used to assess Auditory Selective 
Attention happens through the analysis of the Medial Oli-
vocochlear efferent system and that children with ADHD 
had important loss in attention.
As we studied the functioning of this system in 
ADHD children and in normal children, we could conclude 
that the TEOAE and the differences obtained without and 
with noise were similar in both groups studied. Thus, it 
has been suggested that there are no differences in the 
functioning of the medial olivocochlear efferent system in 
the children with attention deficit hyperactivity disorder, 
when compared to normal children; however, there is a 
need to go more in depth in this hypothesis by means of 
other methods capable of assessing the auditory function 
of ADHD patients such as, for example, the use of beha-
vioral measures.
CONCLUSIONS
The suppression effect which assesses the func-
tioning of the medial olivocochlear efferent system by 
TEOAE with and without noise in children with ADHD did 
not show any difference when compared to the Control 
group in the present study. We did not find evidence, in 
this sample, that the medial olivocochlear efferent system 
is impacted in the presence of ADHD.
REFERENCES
 1. Diagnostic and Statistical Manual of Mental Disorders. 4th 
Text Revision (DSM-IV-TR). American Psychiatric Association: 
Washington; 2000.
Table 4. Differences between TEOAE without and with noise 
(in dB) in relation to the Group variable.
Groups Mean SD N p
Study 1.17 1.31 20
0.307
Control 1.56 1.03 20
Initially, we tried to check whether the TEOAE 
without and with noise and the differences obtained 
without and with noise varied in relation to ear side (RE 
x LE), in both groups. There was no statistically signi-
ficant difference in the Study group (Table 1) or in the 
Control group (Table 2). After having these results, the data 
from the two ears were combined, according to Burguetti 
& Carvallo13.
We investigated if the TEOAE amplitudes without 
and with noise varied between the two groups (Table 3). 
The results showed that there were no statistically signifi-
cant differences between the groups. In both groups, the 
responses with noise were lower than those without noise, 
corroborating the findings from numerous authors3,14-16.
Following that, we noticed that the values of the 
differences obtained without and with noise varied be-
tween the groups. There were no statistically significant 
differences between the groups (Table 4), corroborating 
other studies carried out17,18.
The quantification of the suppression effect was 
studied for both ears separately. The statistical analysis 
carried out for the Right Ear (RE), Left Ear (LE) and both 
ears (RE+LE) did not show statistically significant diffe-
rences between the groups studied (Table 5). Although 
it was not the objective of the present study to compare 
the suppression effect between RE and LE, the studies 
from Khalfa & Collet19 and Fávero20 showed that there is a 
greater activity of the right side efferent system; however, 
Rabinovich21 noticed a significant statistically significant 
difference for the LE.
According to the results fond in our study, they su-
ggest there were no significant difference in the workings 
of the medial olivocochlear efferent system in the group 
with ADHD children, when compared to children of the 
same age and without such diagnosis. With our findings we 
can infer that the priority attentional involvement in ADHD 
patients are not of auditory sensorial mode; however, in 
order to confirm this hypothesis it would be important to 
broaden the number of cases studied.
78(3)-ing.indb   30 25/05/2012   11:38:20
31
Brazilian Journal of otorhinolaryngology 78 (3) May/June 2012
http://www.bjorl.org  /  e-mail: revista@aborlccf.org.br
 2. Harrison WA, Burns EM. Effects of contralateral acoustic 
stimulation on spontaneous otoacoustic emissions. J Acoust 
Soc Am. 1993;94(5):2649-58.
 3. Ryan S, Kemp DT, Hinchcliffe R. The influence of contralateral 
acoustic stimulation on click-evoked otoacustic emission in 
humans. Br J Audiol. 1991;25(6):391-7.
 4. Bonaldi LV, De Angelis MA, Smith RL. Developmental study of 
the round window region. Acta Anat (Basel). 1997;159(1):25-9.
 5. Pillsbury HC, Grose JH, Coleman WL, Conners CK, Hall 
JW. Binaural function in children with attention-deficit 
hyperactivity disorder. Arch Otolaryngol Head Neck Surg. 
1995;121(12):1345-50.
 6. Glattke TJ, Robinette MS. Transient evoked otoacustic emis-
sions. In: Robinette MS, Glattke TJ. Otoacustic emissions-clinical 
applications. New York-Stuttgart: Thieme; 1997. p.63-81.
 7. Silva C. A supressão da emissão otoacústica transiente na 
presença de ruído branco contralateral [monografia]. São 
Paulo: Universidade Federal de São Paulo, 1998.
 8. Bonfils P, Uziel A. Clinical applications of evoked acoustic 
emissions: results in normally hearing and hearing-impaired 
subjects. Ann Otol Rhinol Laryngol. 1989;98(5 Pt 1):326-31.
 9. Lopes Filho O, Carlos CR. Emissões otocaústicas. In: Lo-
pes Filho O. Tratado de Fonoaudiologia. São Paulo: Roc-
ca; 1997. p.221-37.
10. Wolraich ML, Hannah JN, Baumgaertel A, Feurer ID. Exami-
nation of DSM-IV criteria for attention deficit/hyperactivity 
disorder in a county-wide sample. J Dev Behav Pediatr. 
1998;19(3):162-8.
11. Rohde LA. ADHD in Brazil: The DSM-IV criteria in a culturally 
different population. J Am Acad Child Adolesc Psychiatry. 
2002;41(9):1131-3.
12. Vasconcelos MM, Werner Junior J, Malheiros AFA, Lima DFN, 
Santos ISO, Barbosa JB. Prevalência do transtorno do déficit 
de atenção / hiperatividade numa escola pública primária. 
Arq Neuropsiquiatr. 2003;61(1):67-73.
13. Burguetti FAR, Carvallo RMM. Efferent auditory system: 
its effect on auditory processing. Braz J Otorhinolaryngol. 
2008;74(5):737-45.
14. Collet L, Kemp DT, Veuillet E, Duclaux R, Moulin A, Morgon 
A. Effect of contralateral auditory stimuli on active cochlear 
micro-mechanical properties in human subjects. Hear Res. 
1990;43(2-3):251-62.
15. Thornton AR, Slaven A. The effect of stimulus rate on the 
contralateral suppression of transient evoked otoacoustic 
emissions. Scand Audiol. l995;24(2):83-90.
16. Leme VN, Carvallo RMM. Efeito da estimulação acústica con-
tralateral nas medidas temporais das emissões otoacústicas. 
Rev CEFAC. 2009;11(Suppl 1).
17. Berlin CI, Hood LJ, Hurley A, Wen H. The First Jerger Lecture. 
Contralateral suppression of otoacustic emissions: an index 
of the function of medial olivocochlear system. Otolaryngol 
Head Neck Surg. 1994;110(1):3-21.
18. Ryan S, Kemp DT. The influence of stimulus level on the 
neural suppression of transient evoked otoacustic. Hear Res. 
1996;94(1-2):140-7.
19. Khalfa S, Collet L. Functional asymmetry of medial olivo-
cochlear system in humans. Towards a peripheral auditory 
lateralization. Neuroreport. 1996;7(5):993-6.
20. Fávero ML, Sanchez TG, Bento RF, Nascimento AF. Contra-
lateral suppression of otoacoustic emission in patients with 
tinnitus. Braz J Otorhinolaryngol. 2006;72(2):223-26.
21. Rabinovich K. Estudo do efeito de supressão nas emissões otoacús-
ticas evocadas transientes em indivíduos com audição normal e em 
portadores de esclerose múltipla. [dissertação]. São Paulo: Universi-
dade Federal de São Paulo, Escola Paulista de Medicina; 1999.
22. Chermak GD, Hall JW 3rd, Musiek FE. Differential diagnosis 
and management of central auditory processing disorder and 
attention deficit hyperactivity disorder. J Am Acad Audiol. 
1999;10(6):289-303.
23. Keller WD. Auditory processing disorder or attention-deficit? 
In: Katz J, Stecker N, Henderson D, editors. Central Auditory 
Processing: a Transdiciplinary View. St. Louis: Mosby Year-
book; 1992. p.107-14.
24. Larsen E, Liberman MC. Slow build-up of cochlear suppression 
during sustained contralateral noise: central modulation of 
olivocochlear efferents? Hear Res. 2009;256(1-2):1-10.
78(3)-ing.indb   31 25/05/2012   11:38:20
